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VSHFLILFLQIRUPDWLRQPRQLWRULWVVXUURXQGLQJDUHDDQGWUDQVPLWWKHFROOHFWHGGDWDWRDVLQNQRGH0RVWRIWKHHQHUJ\
LVXWLOL]HGWRILQGWKHVKRUWHVWSDWKIRUPVRXUFHQRGHWRVLQNQRGHDQGWUDQVPLWGDWDWRVLQNQRGH>@
7KLV SDSHU H[SORUHV D GLVWULEXWHG FRPPXQLFDWLRQ SURWRFRO XVLQJ*36 IRU VWDWLF:61 3DSHU LV RUJDQL]HG DV
IROORZV 6HFWLRQ  H[SORUHV UHODWHG ZRUN RI VHFXUH FRPPXQLFDWLRQ SURWRFRO IRU :61 6HFWLRQ  IRFXVHV RQ
PRWLYDWLRQRIZRUN6HFWLRQH[SODLQVSURSRVHGGLVWULEXWHGFRPPXQLFDWLRQDQGURXWLQJSURWRFRO)LQDOO\LQ6HFWLRQ
FRPSDUDWLYHUHVXOWVRISURSRVHGWHFKQLTXHZLWKH[LVWLQJWHFKQLTXHVDUHVKRZQ
5HODWHGZRUN
(QHUJ\IRFXVVHGOLWHUDWXUHVDUHVWXGLHGDQGFRPSDUHGZLWK*'&37KH\DUHDVIROORZV
1 Low Energy Adaptive Clustering Hierarchy (LEACH) 
/($&+LVWKHILUVWSURWRFROSURSRVHGIRUHQHUJ\FRQVXPSWLRQLQVHQVRUQHWZRUN>@5DQGRPFOXVWHUKHDGVDUH
VHOHFWHGG\QDPLFDOO\ WRJDWKHUGDWDIURPWKHQRGHVDQGWRVHQGLW WR WKHVLQNQRGH LQHYHU\URXQG$Q\QRGHFDQ
EHFRPH WKH FOXVWHU KHDG &+ WR VDYH HQHUJ\ DQG VHQG GDWD WR WKH VLQN QRGH GLUHFWO\ 7KLV DOJRULWKP XVHV GDWD
DJJUHVVLRQDQGGDWDIXVLRQWHFKQLTXH,WFRPELQHVDOOWKHGDWDRIWKHFOXVWHUQRGHDJJUHJDWHVLWLQWRVPDOOHUVL]HDQG
WUDQVIHUVRQO\WKHUHTXLUHGLQIRUPDWLRQ
$GYDQWDJHVRI/($&+DUH
/($&+UHGXFHVWKHHQHUJ\E\WLPHVWKDQGLUHFWFRPPXQLFDWLRQ,WLVDGLVWULEXWHGSURWRFROKDYLQJRQO\ORFDO
NQRZOHGJHRIQRGHV%XWLWKDVVRPHOLPLWDWLRQV
x )RUHOHFWLQJ&+LWUHTXLUHVORWRIHQHUJ\
x ,WLVQRWVXLWDEOHIRUODUJHQHWZRUNLQZKLFKWKHVLQNQRGHLVORFDWHGWRRIDU
x ,WLVDOVRQRWVXLWDEOHIRUPXOWLKRSFRPPXQLFDWLRQ
2.2 Geographic Adaptive Fidelity (GAF) 
*$)GLVDEOHVQRGHVZKLFKDUHQRWSDUWRIURXWLQJ>@2QO\QRGHVZKLFKDUHRQWKHSDWKRIVHQGLQJSDFNHWDUH
PDGHDFWLYH6RWKHQHWZRUNVHQHUJ\FRQVXPSWLRQLVUHGXFHG*$)FUHDWHVDYLUWXDOJULGVR*36HQDEOHGVHQVRUV
IRUPDFOXVWHUEDVHGRQWKHLUJHRJUDSKLFORFDWLRQV,QHYHU\JULGOHDGLQJQRGHIRUZDUGVGDWDWRDQRWKHUQRGH
2.3 Power-efficient gathering in sensor information system (PEGASIS) 
3(*$6,6 GRHV QRW IRUP D FOXVWHU OLNH /($&+ >@ $W D WLPH RQO\ RQH QRGH FRPPXQLFDWHV ZLWK WKH VLQN
$JJUHJDWHGDQGFRPELQHGGDWDWUDQVIHUVWRVLQNQRGHE\QRGHWRQRGHE\DGGLQJGHOD\7KHQRGHVZKLFKDUHLQWKH
SDWKGUDLQPRUHHQHUJ\EXWLQLPSURYHG+LHUDUFKLFDO3(*$6,6LWLVUHFRYHUHG
2.4 A Stateless Protocol for real-time communication in sensor network (SPEED) 
6((' VWRUHV DQG PDLQWDLQV QHLJKERXU¶V LQIRUPDWLRQ LQ WKH UHVSHFWLYH QRGH >@ *HRJUDSKLF )RUZDUGLQJ
WHFKQLTXH LV XVHG WR IRUZDUG WKH SDFNHWV ,W DOVR XVHV IHHGEDFN FRQWURO WR SURYLGH HQG WR HQG UHDOWLPH
FRPPXQLFDWLRQ,WLVPRUHVFDODEOHDQGHQHUJ\HIILFLHQWSURWRFROWKDQ'65DQG$2'9
2.5 Secure Real-Time Routing Protocol with Load Distribution (SRTLD) 
5HFHQWO\ 657/' SURWRFRO LV LQWURGXFHG ZKLFK LV FRPSDUHG ZLWK /4(5 573& 	 53$5 >@ ,W LV
H[SHULPHQWDOO\WHVWHGRQUHDO:61HQYLURQPHQW,WWDNHVGHFLVLRQRQHYHU\KRSWRILQGRSWLPDOSDWK,WLVDURXWLQJ
SURWRFROZKLFKXVHV*HRGLUHFWLRQDO WHFKQLTXH 657/'EURDGFDVWVPHVVDJH WR JHW URXWH IURPKRS WR KRS ,W KDV
VRPHOLPLWDWLRQV
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x ,WFRQVXPHVPRUHHQHUJ\WREURDGFDVWPHVVDJHDWHYHU\KRS
x 8OWLPDWHO\RYHUDOOQHWZRUNHQHUJ\FRQVXPSWLRQLVPRUH
$OO VXUYH\HG WHFKQLTXHV DUH IRU UHGXFLQJ HQHUJ\ FRQVXPSWLRQ EXW VWLOO WKHUH DUH VRPH OLPLWDWLRQV LQ HYHU\
WHFKQLTXH *'&3 SURYHV WKDW LW UHTXLUHV OHVV HQHUJ\ WR ILQG WKH VKRUWHVW SDWK GXH WR ORFDO FRPPXQLFDWLRQ LQ
GLVWULEXWHGQDWXUH6RXOWLPDWHO\WKHQHWZRUNOLIHWLPHLVHQKDQFHG
0RWLYDWLRQIRUFXUUHQWZRUN
0DQ\ UHVHDUFKHUV SURSRVHGPDQ\ WHFKQLTXHV IRU FRPPXQLFDWLRQ DPRQJ VHQVRU DQG URXWLQJ GDWD SDFNHW%XW
PRVW RI WKH WHFKQLTXHV GR QRW IRFXV RQ HQHUJ\ FRQVXPSWLRQ RI D QRGH0RUH HQHUJ\ LV UHTXLUHG IRU UHFHLYLQJ
VHQGLQJDQGSURFHVVLQJWKHGDWD,I WKHSRVVLEOHVKRUWHVWSDWKZLWKPLQLPXPSURFHVVLQJLVRSWHGWRVHQGSDFNHWWR
VLQNQRGHWKHQLWKHOSVWRHQKDQFHWKHRYHUDOOOLIHWLPHRIWKHQHWZRUN
6KRUWHVWSDWKVHOHFWLRQDQGHQHUJ\FRQVXPSWLRQDUHWKHNH\SRLQWVLQPXOWLKRSVHQVRUQHWZRUN7KXVWKHDLPRI
*'&3 LV WRSURSRVH DGLVWULEXWHG VROXWLRQ WR ILQG WKH VKRUWHVW SDWK IURP VRXUFH WR VLQNQRGHZLWKPLQLPDO ORFDO
FRPPXQLFDWLRQDQGWRKHOSWRH[WHQGOLIHWLPHRIWKHQHWZRUN
&KDUDFWHULVWLFVRI$OJRULWKP
7KH(QHUJ\PRGXOHDQG*'&3DOJRULWKPLVDVIROORZV
4.1 Energy Module:  
)LUVWRUGHU5DGLR0RGHOLVXVHGDVVWDWHGLQ/($&+5DGLRGLVVLSDWHVQ-ELWIRUWUDQVPLWWLQJDQGUHFHLYLQJ
DQG IRU  DQ DPSOLILHU  S-ELWP WKH HQHUJ\ ORVV GXH WR FKDQQHO WUDQVPLVVLRQ VR IRU µk’ ELWPHVVDJH DQG µd’
GLVWDQFHWUDQVPLWWLQJDQGUHFHLYLQJHQHUJ\FDQEHFDOFXODWHGDV
7UDQVPLWWLQJ(QHUJ\
     dkEkEdkE ampTXelecTXTX    
   dkkEdkE ampelecTX H       
5HFHLYLQJ(QHUJ\
   kEkE elecRXRX  
   kEkE elecRX           
4.2  Distance Calculation:
8VLQJ/RQJLWXGHDQG/DWLWXGHZHFDQFDOFXODWHGLVWDQFHEHWZHHQWZRQRGHV,WLVVLPLODUWRFDOFXODWLRQRIWZR
SRLQWVLQ'SODQH
ABAB LongLongLongDist  DQG ABAB LatLatLatDist  
     ABABAB LatDistLongDistDist        
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4.3 GDCP Algorithm: 
)RUDOJRULWKPIHZDVVXPSWLRQVDUHPDGHWKH\DUHDVIROORZV
(DFKQRGHLV±
x +DYLQJIXOOLQLWLDOHQHUJ\
x *36HQDEOHG
x &DSDEOHWRFDOFXODWHGLVWDQFHIURPLWVHOIWRVLQNQRGH
x +DYLQJ1HLJKERXU7DEOH17
x +DYLQJPD[LPXPPUDQJHIRUHIIHFWLYHFRPPXQLFDWLRQ
)RU 6LPXODWLRQ DQG FRPPXQLFDWLRQ UDQJH  QRGHV DUH SODFHG HTXLGLVWDQW IURP HDFKRWKHU+RUL]RQWDOO\	
YHUWLFDOO\DOOWKHQRGHVDUHDWDGLVWDQFHRIPDQGGLDJRQDOO\P/RFDOL]DWLRQRI6WDWLFVHQVRUQRGHLVVKRZQLQ
)LJD	ELQLWLDOO\VLQNQRGHLVORFDWHGDWFHQWUHRIVLPXODWHGDUHD
7KH*'&3ZRUNVLQWZRVWDJHV
x ,QLWLDOL]DWLRQ
x 5RXWLQJ
4.3.1 Initialization: 
,QLWLDOL]DWLRQSURFHVVZRUNVDVIROORZ
 /RFDWHDOOWKHQRGHVDWHTXDOGLVWDQFHVIURPHDFKRWKHUDVSHUWKHLUFRPPXQLFDWLRQUDQJH
 /RFDWH6LQN1RGHDWFHQWUHRIQHWZRUNLQLWLDOO\
 6LQNQRGHEURDGFDVWVLWVORFDWLRQWRLWVQHDUHVWQHLJKERXU
 $IWHU UHFHLYLQJPHVVDJH IURPQHLJKERXU LWFDOFXODWHV LWVGLVWDQFH IURPQHLJKERXUDQGGLVWDQFH IURPVLQN
QRGH
 6WRUHWKHPHVVDJHDQGUHVSHFWLYHGLVWDQFHV
 ,WEURDGFDVWRZQORFDWLRQWRLWVQHLJKERXU
 5HSHDWVWHSWLOOODVWQRGH
,Q6WHSVLQNQRGHEURDGFDVWVLWVORFDWLRQWRLWVQHLJKERXUQRGHVLHWRQRGHDQG
,QVWHSUHFHLYHUVLHDQGFDOFXODWHWKHLUGLVWDQFHIURPVHQGHUDQGVLQNQRGH
6WHS  VWRUHVPHVVDJH DQG FDOFXODWHG UHVSHFWLYH GLVWDQFHV LQ QHLJKERXU WDEOH1RZ LQ VWHS  UHFHLYHU QRGHZLOO
EHFRPH WKH VHQGHU DQGEURDGFDVW WKH ORFDWLRQRI WKH VLQN QRGHV DQG LWVHOI WR LWV QHLJKERXU7KLV SURFHVVZLOO EH
UHSHDWHGWLOOODVWQRGH¶V17LVXSGDWHG
)LJD/RFDOL]DWLRQRIVWDWLFVHQVRUQRGHV E6LPXODWLRQ6HWXS

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4.3.2 Routing 
(DFKQRGHVHQGVDSDFNHWRQHDWD WLPH WR WKHVLQNQRGHDVSHU WKHJLYHQVHTXHQFH ,WZRUNV LQDGLVWULEXWHG
PDQQHUDQGRQO\RQHKRSSDWKLVGHFLGHGDWRQHWLPH
 1RGHJDWKHUVGDWDDQGIRUPVDSDFNHWWRVHQG
 1RGHFKHFNVLWV17DQGVHOHFWVWKHQH[WQRGHZKLFKLVORFDWHGDWPLQLPXPGLVWDQFHIURPVLQNQRGHDQG
HQHUJ\LVPRUHWKDQWKUHVKROG
 3DFNHWZLOOEHIRUZDUGHGWRVHOHFWHGQRGH
 5HSHDWVWHSWLOOSDFNHWUHDFKHVWKHVLQNQRGH
7KUHVKROGHQHUJ\LVNHSWVRWKDWQRQRGHGLHVHDUO\,IWKHQRGHVHQHUJ\LVOHVVWKDQWKUHVKROGHQHUJ\WKHQLWZLOO
RQO\VHQGLWVRZQSDFNHWDQGLWZLOOQRWEHSDUWRISDWKRIRWKHUQRGHV)ORZFKDUWRI*'&3LVVKRZQLQ)LJ
*HQHUDOO\LIWKHQHWZRUNLVWRRODUJHWKHQWKHQHLJKERXULQJQRGHVRIVLQNQRGHGLVVLSDWHPRUHHQHUJ\EHFDXVH
WKH\ DUH WKH SDUW RI URXWH WR UHDFK VLQN QRGH ,Q *'&3 VLQN QRGH FKDQJHV LWV ORFDWLRQ LI RQH RU PRUH RI LWV
QHLJKERXU¶VHQHUJ\LVEHORZWKUHVKROGHQHUJ\,WVQHZORFDWLRQLVFDOFXODWHGUDQGRPO\2QFHWKHORFDWLRQRIWKHVLQN
QRGHLVFKDQJHGWKHQHLJKERXUWDEOHVRIDOOQRGHVLVXSGDWHGZLWKWKHQHZGLVWDQFH
)LJ)ORZFKDUWIRUSURSRVHGWHFKQLTXH

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5HVXOWDQDO\VLV
6LPXODWLRQVSDUDPHWHUVFRQVLGHUHG
7HVW%HG;PHWHUV
5DQJHRIVHQVRUQRGHPHWHU
(QHUJ\PRGHO)LUVWRUGHUUDGLRPRGHO
0HVVDJHVL]HELW
,QLWLDOHQHUJ\RIQRGHDQG-
7KUHVKROGIRUHQHUJ\-
7UDQVPLWWLQJ(QHUJ\ (7;	5HFHLYLQJ(QHUJ\  (7<
Q-ELW
'DWD$JJUHJDWLRQ(QHUJ\('$Q-ELW
7UDQVPLW$PSOLILHUDPSS-ELWP
6HQVRUSODFHPHQWPHWHUIURPRWKHUKRUL]RQWDOO\DQGYHUWLFDOO\$QGPHWHUGLDJRQDOO\
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